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1
METHOD FOR REGULATING A
BUCK/BOOST CONVERTER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a U.S. national stage of application No. PCT/
EP2011/069741 filed 9 Nov. 2011. Priority is claimed on
European Application No. 11152043.3 filed 25 Jan. 2011, the
content of which is incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a switching converter and a method
for regulating a clocked buck/boost converter, wherein a buck
converter switching element is driven at a common clock
frequency with a first pulse-width-modulated switching sig-
nal and a boost converter switching element is driven with a
second pulse-width-modulated switching signal to convert an
input voltage into a regulated output voltage, and wherein a
regulator signal from an output voltage regulator is used to
generate the pulse-width-modulated switching signals.

2. Description of the Related Art

Buck/boost converters have long been known. These
devices essentially involve switching converters that operate
alternately or in a transitional area simultaneously in the
manner of a boost converter and in the manner of a buck
converter. In a corresponding circuit arrangement, a common
choke as well as a common output filter are provided. As a
rule, the buck converter switching element is connected
between the input voltage and the first terminal of the choke.
The reference potential of the input voltage is connected, on
one hand, to the reference potential of the output voltage and,
onthe other hand, via a first diode likewise to the first terminal
of'the choke. This second terminal of the choke is additionally
connected via a second diode to the terminal of the output
voltage (see FIG. 1). In this case, the diodes can also be
embodied as synchronous switches.

If the input voltage exceeds the output voltage, the switch-
ing converter operates as a buck converter. As soon as the
input voltage drops below the output voltage, conversion
switches to the boost converter mode (see FIG. 2).

As arule, the two switching elements are driven by pulse-
width-modulated switching signals. To form these switching
signals, a regulator signal of an output voltage regulator is
mostly overlaid onto a sawtooth or triangular signal. An
exemplary buck/boost converter is disclosed in patent appli-
cation DE 43 06 070 C1, where two pulse-width-modulated
signals are generated with only one regulator signal. In this
case, one sawtooth signal is displaced in relation to the second
sawtooth signal by a value equal to the amplitude. This means
that with an increasing regulator output signal, the duty cycle
of the first pulse-width-modulated switching signal for driv-
ing the buck converter amounts to 100% before the second
switching signal delivers first switching impulses to the boost
converter.

To compensate for voltage drops in the components of the
switching converter, methods are also known in which the
two sawtooth signals are displaced by a value equal to the
amplitude minus a correction value. Such overlaying of the
sawtooth signals for realizing an overlapping operation of the
boost and buck converter is known from U.S. Pat. No. 6,166,
527 A. Tt is known from WO 2009/033924 A2 that, during a
transition from buck converter operation to boost converter
operation, the boost converter switching element can be syn-
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chronized with an earlier clocking. In this case, a further
pulse-width-modulated switching signal is generated that
specifies an earlier clocking on transition.

A fault-free transition between the two operating modes is,
as a rule, only possible if the switching elements of the buck/
boost converter are connected in a continuous mode. The
common choke in this case always remains magnetically
charged and no resonance oscillations occur, which conven-
tionally occur after the magnetization of the choke has taken
place. The respective switching element is switched into a
discontinuous mode after the choke has been de-magnetized.
A dead time thus occurs. According to the prior art, the aim in
a discontinuous mode is quasi-resonant switching (i.e., valley
switching). In this case, the switching element is switched on
when the voltage oscillating at a resonant frequency at the
switched off switching element is at a minimum. In this way,
turn-on losses are kept low.

With a generic buck/boost converter, unspecified reso-
nance events within existing resonant circuits can lead to
faults. Such faults involve increased losses, for example,
because no valley switching can occur. In addition, faults
occurring can lead to undesired noise emissions.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method
for fault-free operation in a discontinuous mode. A further
object is to provide a buck/boost converter for implementat-
ing the method.

These and other objects and advantages are achieved in
accordance with the invention by a method and a buck/boost
converter which is operated in a discontinuous mode with
valley switching, where the inductor current or the current
detected by the buck converter switching element is com-
pared with a reference current, where the regulator signal is
amplified to the extent that the reaching of the reference
current occurs temporally before a turn-off impulse of the first
pulse-width-modulated switching signal and where the sec-
ond pulse-width-modulated switching signal is created by the
amplified regulator signal.

The result of the described interventions into the regulation
is that after a choke de-magnetization a unique resonance
state always exists, which facilitates fault-free valley switch-
ing. A falling input voltage initially leads to the regulator
signal increasing. An amplification of the regulator signal has
the further consequence that the boost converter switching
element begins to clock earlier when the input voltage is
approaching the output voltage. Overlaps occur the overlay-
ing with a consistent sawtooth or triangular signal, which
determine the turn-on and turn-off times. The overlaps occur
earlier than with the non-amplified regulator signal. In such
cases, the non-amplified regulator signal in such is also
included for generating the first pulse-width-modulated
switching signal for the buck converter switching signal.

The earlier activation of the boost converter leads to the
output voltage regulator specifying a lower regulator signal to
regulate the output voltage to a desired nominal value. The
buck converter switching element continues to clock, while
the input voltage drops below the output voltage. This further
forced switching-off of the buck converter switching element
has the effect that a parasitic capacitor of this buck converter
in switching element continues to charge. The parasitic
capacitor forms a resonant circuit together with the choke
inductance and a parasitic capacitor of the boost converter
switching element. The voltage minima occurring in such
cases at the switching elements are used to valley switch the
buck/boost converter.
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Without the specified measure, an undefined state would
arise during the transition from buck converter operation to
boost converter operation. Depending on whether the buck
converter switching element is still switching off or already
remains fully switched on during a switching cycle, the
charge state of the parasitic capacitor of the buck converter
switching element would vary continuously. This would
result in a resonance behavior of the resonant circuit differing
from clock cycle to clock cycle. A valley switching would no
longer be possible.

It is advantageous for any current that is currently required
for charging a parasitic capacitor of the buck converter input
voltage switching element up to the value of the input voltage
to be specified as a reference current. Intervention into the
regulation remains restricted to a minimum level without
adversely affecting the desired effect.

It is also advantageous for a comparison signal to be
formed by a comparison between the inductor current or the
current through the buck converter switching element and the
reference current, which features a comparison pulse when
the inductor current or the current through the buck converter
switching element reaches the value of the reference current.
Such a signal is able to be generated by a simple circuit
structure.

In an advantageous embodiment of the method, a phase
difference signal is formed by a phase evaluation of the first
pulse-width-modulated switching signal and the comparison
signal, the phase difference signal is equal to zero in this case
if, within a switching cycle, the comparison pulse of the
comparison signal occurs temporally after the turn-off pulse
of the first pulse-width-modulated switching signal and the
phase difference signal increases proportionally with the tem-
poral difference between comparison pulse of the comparison
signal and turn-off pulse of the first pulse-width-modulated
switching signal, if within a switching cycle the comparison
pulse of the comparison signal occurs in time before the
turn-off pulse of the first pulse-width-modulated switching
signal. The phase difference signal is able to be used for
amplification of the regulator signal.

It is particularly worthwhile to realize the amplification in
a way in which the phase difference signal and the regulator
signal are added to create an amplified regulator signal.

A further improvement during transition from buck con-
verter operation to boost converter operation is provided
when the boost converter switching element is driven such
that, when the falling input voltage approaches a smaller
output voltage, the boost converter switching element begins
to clock with an increasing duty cycle, before the input volt-
age is equal to the output voltage. In this way, it is ensured
during each transition from buck converter to boost converter
operation that the boost converter switching element already
begins to clock with very short turn-on times when the output
voltage approaches the input voltage. This occurs indepen-
dently of the curve of the second pulse-width-modulated
switching signal, which is generally created by overlaying a
sawtooth or triangular signal with the regulator signal. This
measure leads to the curve of the current in the choke of the
buck converter running continuously in the transition phase
from buck converter to boost converter operation.

The buck/boost converter in accordance with the disclosed
embodiments of the invention for performing one of the
methods described above makes provision for a regulator
signal of an output voltage regulator to be supplied together
with a sawtooth or triangular signal to a first pulse-width
modulator, at the output of which the first pulse-width-modu-
lated switching signal for driving the buck converter switch-
ing element is present and where a further sawtooth or trian-
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gular signal, essentially offset by one amplitude of the
sawtooth or triangular signal, is fed to a second pulse-width
modulator, at the output of which the second pulse-width-
modulated switching signal for driving the boost converter
switching element is present. In this case, the inductor current
or the current through the buck converter switching element
and a reference current are fed to a comparator, where the
comparison signal at the output of the comparator and the first
pulse-width-modulated switching signal are fed to a phase
evaluation module, and where the phase difference signal is
present at the output of the phase evaluation module and
whereby the regulator signal amplified with the phase differ-
ence signal is fed to the second pulse-width modulator. This
produces a simpler structure which is able to be realized both
with discrete components and also by means of an integrated
circuit.

Advantageously, the phase evaluation module comprises
the function module of a microcontroller. As an alternative to
this, a flip-flop circuit with a downstream located smoothing
stage is provided.

To generate the second pulse-width-modulated switching
signal, it is advantageous for the phase difference signal and
the regulator signal to be fed to an adding element and for the
amplified regulator signal present at the output of the adding
element to be fed to the second pulse-width modulator. For a
fault-free transition from buck converter to boost converter
operation, it is also advantageous for a third pulse-width-
modulator to be provided, to which the sawtooth or triangular
signal and an output signal of a transition controller are fed
and which, together with the second pulse-width modulator,
is connected to the boost converter switching element via a
logical OR circuit. By means of the output signal of the
transition controller, the third pulse-width modulator gener-
ates a pulse-width-modulated signal independently of the
regulator signal which, in the transition area from buck con-
verter to boost converter operation, allows the boost converter
switching element to clock earlier than would be the case as a
result of the second pulse-width-modulated switching signal.

Other objects and features of the present invention will
become apparent from the following detailed description
considered in conjunction with the accompanying drawings.
It is to be understood, however, that the drawings are designed
solely for purposes of illustration and not as a definition of the
limits of the invention, for which reference should be made to
the appended claims. It should be further understood that the
drawings are not necessarily drawn to scale and that, unless
otherwise indicated, they are merely intended to conceptually
illustrate the structures and procedures described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is explained below by way of examples
which refer to the enclosed figures in which:

FIG. 1 shows schematic illustration of a buck converter in
accordance with the prior art;

FIG. 2 shows a graphical plot of the voltage curve of a
conventional buck/boost converter;

FIG. 3 shows a schematic block diagram of a buck/boost
converter without transition controller in accordance with the
invention;

FIG. 4 shows a graphical plot of the curve of the switching
signals over time without intervention into the regulation;

FIG. 5 show a graphical plot of the curve of the switching
signals over time with intervention into the regulation of FIG.
3;

FIG. 6 shows a graphical plot of a voltage curve of an
inventive buck/boost converter;
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FIG. 7 shows a schematic block diagram of a buck/boost
converter with transition controller;

FIG. 8 shows a graphical plot of signal curves of the buck/
boost converter of FIG. 7; and

FIG. 9 is a flowchart of the method in accordance with the
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a known power section of a buck/boost con-
verter that comprises a choke [, which is connected via a buck
converter switching element S1 to an input voltage U, An
output voltage U, -and the input voltage Uy, are related to
the same reference potential. In this case, an input capacitor
Ci and an output capacitor Co are conventionally provided. A
first diode D1 is connected between reference potential and a
connection between choke [ and buck converter switching
element S1. This becomes conductive in buck converter
operation when the buck converter switching element S1
switches off. On the output side, the choke L is connected via
a second diode D2 to the positive output of the buck/boost
converter. A connection between choke L and second diode
D2 is connected via a boost converter switching element S2 to
the reference potential. The two switching elements S1, S2
each have a parasitic capacitor Cg,, C, and are driven by
means of the pulse-width modulator control PWM. To regu-
late the output voltage U, the pulse-width modulator con-
trol PWM is supplied with both the output voltage U,,,,-and
also the input voltage U,,; (FIG. 1).

As shown in FIG. 2, as soon as the input voltage U, drops
below the output voltage U, a transition occurs from buck
converter operation T to boost converter operation H.

In a discontinuous operating mode, the parasitic capacitors
Cg,, Cs, along with the inductance of the choke L form a
resonant circuit. In order to avoid an undefined resonant
behavior occurring during the transition from buck converter
operation T to boost converter operation H, there is an inven-
tive intervention into the control.

An embodiment of the present invention is shown in FIG.
3. The power section of the buck/boost converter remains
unchanged. As well as the output voltage U, a control
section is supplied with the current through the choke L,
referred to below as inductor current i,. In particular, this
inductor current i, is compared in a comparator Komp with a
reference current I, . By means of simple measurements, the
value of the reference current I . is defined such that the
parasitic capacitor Cg, of the buck converter switching ele-
ment S1 is charged up, each time the buck converter switching
element S1 is switched off; to the voltage of the input capaci-
tor Ci. As an alternative to the inductor current i, the current
through the buck converter switching element S1 can also be
included to define the appropriate turn-off time of the buck
converter switching element S1.

In a transition area between buck converter and boost con-
verter operation, the inductor current i, increases, for as long
as the buck converter switching element S1 and the boost
converter switching element S2 are switched on. After the
boost converter switching element S2 switches off, the induc-
tor current i, falls. In this case, the point in time is detected at
which the inductor current i, reaches the value of the refer-
ence current I . This detection is undertaken by a compari-
son signal Sigg,,,,, present at the output of the comparator
Komp. The signal state of this comparison signal SigKomp is
equal to one (1) for example, when the inductor current i, lies
above the reference current I, and is equal to zero (0) when
the inductor current i, is lower than the reference current I, -
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(see, e.g., FIG. 4, FIG. 5). A switch from 1 to 0 thus signals
that the reference current I, -has been reached.

An output voltage regulator REG compares the output
voltage U, with a required value SOLL. The regulation is
described below by way of example for the case in which
falling input voltage U,,, drops below the output voltage
Uppr Without regulation intervention, the output voltage
Uoor also falls. To counteract this output voltage drop, the
output voltage regulator REG specifies a higher regulator
signal Uy, (see FIG. 8). The regulator signal Uy is over-
laid in a first pulse-width modulator PWM1 onto a first saw-
tooth signal U, 1 of a signal generator GEN. The resulting
pulse-width-modulated switching signal Sig;, serves to drive
the buck converter element S1. The sawtooth signal U, 1 is
additionally fed to a peak detector PD for detecting a peak
value signal of the sawtooth signal U, 1. The sawtooth signal
U,,,1 and the peak value signal are added in an adder to form
an offset sawtooth signal U, 2, which is fed to a second
pulse-width modulator PWM?2 for creating the second pulse-
width-modulated switching signal Sigg,. In this case, the
offset sawtooth signal U, 2 overlays the amplified regulator
signal U, The same functionality is achieved when the signal
generator GEN outputs a triangular signal instead of a saw-
tooth signal.

The extent of the regulator signal amplification depends on
the length of the period of time between the point at which the
inductor current i, achieves the value of the reference current
Iz.r and the turn-off time of the buck converter switching
element S1. If the turn-off time occurs before the achievement
of the reference current I , there is no amplification of the
regulator signal Ug..

Expediently the amplified regulator signal U -is formed by
addition of the regulator signal U . with a phase difference
signal Up, ...

FIGS. 4 and 5 show graphical plots of the formation of the
phase difference signal U, .. In the diagrams, the inductor
current iy, the first pulse-width-modulated switching signal
Sigg,, the second pulse-width-modulated switching signal
Sig,, the comparison signal Sigy,,,,, and the phase difference
signal U, . are plotted over time t. By comparing the induc-
tor current i, with the reference current I, the comparison
signal Sigz.,,., is formed, as described above. If a falling edge
of the comparison signal Sigg,,,, occurs after the turn-off
pulse of the first pulse-width-modulated switching signal
Sig,, during a switching cycle, then the phase difference
signal U, .. remains equal to zero (see FIG. 4).

By contrast, the phase difference signal U, is not equal
to zero if during a switching cycle a falling edge of the
comparison signal Sig.,,,, occurs before the turn-off pulse of
the first pulse-width-modulated switching signal Sigg,. The
longer the period of time between the falling edge of the
comparison signal Sigg.,,,, and the turn-off pulse, then the
greater the phase difference signal U, .. (see FIG. 5). The
phase difference signal U, . thus specifies by how much
later the buck converter switching element S1 switches off,
relative to the point in time at which the inductor current i,
reaches the value of the reference current I, . The formation
of the phase difference signal is realized in a simple manner
by use of a flip-flop circuit and a downstream smoothing
stage.

As an alternative to this, the phase difference signal U, ,
can be formed by a program implemented in a microcontrol-
ler.

The intervention into the regulation described below pre-
vents the buck converter switching element S1 from switch-
ing off too late, so a sufficient residual current is always
present to charge the parasitic capacitor Cg,. As soon as a
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phase difference signal U, .. not equal to zero occurs, the
regulator signal Uy .- is amplified. The second pulse-width-
modulated switching signal Sig, is formed by the amplified
regulator signal U,. During the transition from buck con-
verter to boost converter operation, the amplified regulator
signal U, has the effect that the boost converter switching
element S2 begins to clock earlier and with a longer turn-on
duration than would be the case of formation by a non-am-
plified regulator signal Uy ... This causes the output voltage
U oo to increase and the output voltage regulator REG speci-
fies a lower regulator signal U, in order to match the
output voltage U, to the required value SOLL again.

As a result of the lower regulator signal Uy, the switch
on duration of the buck converter switching element S1
reduces. The turn-off pulse occurs earlier per switching cycle,
and the time interval to the falling edge of the comparison
signal Sig.,,,, shortens until both pulses are synchronized.
The effect of this regulation loop is that the phase difference
signal U, .. again approaches zero.

The described intervention into the regulation leads to the
transition from buck converter operation T to boost converter
operation H already beginning when the input voltage U,
drops below a voltage U, which lies above the output volt-
age U, r(seeFIG. 6). Inaddition, a switching-off of the buck
converter switching element S1 also occurs during boost con-
verter operation H.

FIG. 7 specifies a circuit layout which, during a transition
from buck converter operation T to boost converter operation
H, additionally causes a forced earlier clocking of the boost
converter switching element S2, independent of the output
signal of the second pulse width modulator PWM2. The cor-
responding signal traces are shown the graphical plot of in
FIG. 8.

A second pulse-width-modulated output signal PWM2 .
is present unchanged at the second pulse-width modulator
PWM2, which is formed from the further, offset sawtooth
signal U, ;2 and the amplified regulator signal U .. This out-
putsignal PWM2 ,, -is, however, no longer available directly
as the second pulse-width-modulated switching signal Sig..
The formation of the first pulse-width-modulated switching
signal Sig, remains unchanged. In addition, there is the third
pulse-width modulator PWM3, to which the sawtooth signal
U1 and an output signal U, 4 of a transition controller UK
are fed.

The transition controller UK is, for example, an analog
circuit or digital signal processor that maps a function of the
output signal U, via the difference between input voltage
U, and output voltage U, For example, an output signal
Uy 1s created when the input voltage U, approaches a
lower output voltage U, and the difference between input
voltage U, and output voltage U, drops below a lower
limit value. The third pulse-width modulator PWM outputs a
third pulse-width modulated output signal PWM3 ., which
runs synchronously to the second pulse-width modulated out-
put signal PWM2,,, . However the turn-on pulses already
occur with increasing turn-on duration when the input voltage
U, 1s approaching the output voltage U, and the second
pulse-width-modulated output signal PWM2 ,, - does not yet
exhibit any pulse.

The second pulse-width-modulated switching signal Sigg,
for driving the boost converter switching element S2 is
formed from the second pulse-width-modulated output signal
PWM2,,, - and the third pulse-width-modulated output sig-
nal PWM3,,, by alogical OR circuit.

This switching signal Sig, corresponds to the third pulse-
width-modulated output signal PWM3 1, until such time as
the duration of the switching pulses become shorter than
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those of the synchronously running second pulse-width-
modulated output signal PWM2 . From this point in time
onwards, the second pulse-width-modulated switching signal
Sig,, corresponds to the second pulse-width-modulated out-
put signal PWM2 .. The third pulse-width-modulated out-
put signal PWM3,, - is thus only included for driving the
boost converter switching element S2 when the difference
between input voltage U,,, and output voltage U, falls
below the limit value of the difference and the second pulse-
width-modulated output signal PWM2,,,.-1s not yet deliver-
ing any turn-on times, which exceed those of the third pulse-
width-modulated output signal PWM3,,, The boost
converter switching element S2 is thus driven with the inclu-
sion of the transition controller UK only in the short phases at
the transition from buck converter to boost converter opera-
tion, without further influencing the regulation.

FIG. 9 is a flowchart of a method for regulating a clocked
buck/boost converter, where a first buck converter switching
element is driven with a common clock frequency having a
first pulse width modulated switching signal and a second
boost converter switching element is driven with a second
pulse-width-modulated switching signal for conversion of an
input voltage into a regulated output voltage, and a regulator
signal of an output voltage regulator is used to create the first
and second pulse-width-modulated switching signals.

The method comprises operating the clocked buck/boost
converter in a discontinuous mode with valley switching, as
indicated in step 910. Next, a choke current or a current
through the first buck converter switching element is detected
and compared with a reference current, as indicated in step
920.

The regulator signal is then amplified to an extent to which
attainment of the reference current occurs temporally before
a switch-off pulse of the first pulse-width-modulated switch-
ing signal, as indicated in step 930. The second pulse-width-
modulated switching signal is then created via the amplified
regulator signal, as indicated in step 940.

While there have been shown, described and pointed out
fundamental novel features of the invention as applied to a
preferred embodiment thereof; it will be understood that vari-
ous omissions and substitutions and changes in the form and
details of the methods described and the devices illustrated,
and in their operation, may be made by those skilled in the art
without departing from the spirit of the invention. For
example, it is expressly intended that all combinations of
those elements and/or method steps which perform substan-
tially the same function in substantially the same way to
achieve the same results are within the scope of the invention.
Moreover, it should be recognized that structures and/or ele-
ments and/or method steps shown and/or described in con-
nection with any disclosed form or embodiment of the inven-
tion may be incorporated in any other disclosed or described
or suggested form or embodiment as a general matter of
design choice. It is the intention, therefore, to be limited only
as indicated by the scope of the claims appended hereto.

The invention claimed is:

1. A method for regulating a clocked buck/boost converter,
a first buck converter switching element being driven with a
common clock frequency having a first pulse-width-modu-
lated switching signal and a second boost converter switching
element being driven with a second pulse-width-modulated
switching signal for conversion of an input voltage into a
regulated output voltage, and a regulator signal of an output
voltage regulator being used to create the first and second
pulse-width-modulated switching signals, the method com-
prising:
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operating the clocked buck/boost converter in a discontinu-

ous mode with valley switching;
detecting and comparing a choke current or a current
through the first buck converter switching element with
a reference current;

amplifying the regulator signal to an extent to which attain-
ment of the reference current occurs temporally before a
switch-off pulse of the first pulse-width-modulated
switching signal; and

creating the second pulse-width-modulated switching sig-

nal via the amplified regulator signal.

2. The method as claimed in claim 1, wherein the reference
current comprises any current necessary to charge a parasitic
capacitor of the buck converter switching element (S1) to a
value of the input voltage.

3. The method as claimed in claim 1, further comprising:

comparing a choke current or the current through the buck

converter switching element with the reference current,
which includes a comparison pulse, when the choke
current or the current through the buck converter switch-
ing element reaches a value of the reference current to
form a comparison signal.

4. The method as claimed in claim 2, further comprising:

comparing one of the choke current and the current through

the buck converter switching element with the reference
current, which includes a comparison pulse, when the
choke current or the current through the buck converter
switching element reaches a value of the reference cur-
rent to form a comparison signal.

5. The method as claimed in claim 3, further comprising:

performing a phase evaluation of the first pulse-width-

modulated switching signal and the comparison signal
to form a phase difference signal;

wherein the phase difference signal is equal to zero if,

within a switching cycle, the comparison pulse of the
comparison signal occurs temporally after the switch-
off pulse of the first pulse-width-modulated switching
signal; and

wherein the phase difference signal increases in proportion

to a temporal difference between the comparison pulse
of'the comparison signal and the switch-off pulse of the
first pulse-width-modulated switching signal if, within
the switching cycle, the comparison pulse of the com-
parison signal occurs temporally before the switch-off
pulse of the first pulse-width-modulated switching sig-
nal.

6. The method as claimed in claim 4, further comprising:

adding the phase difference signal and the regulator signal

to create the amplified regulator signal.

7. The method as claimed in claim 1, further comprising:

driving the second boost converter switching element such

that, when the falling input voltage approaches a smaller
output voltage, the second boost converter switching
element begins to clock with an increasing duty cycle,
before the input voltage is equal to the regulated output
voltage.
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8. A buck/boost converter comprising:

an output voltage regulator;

a buck converter switching element;

a first pulse-width modulator, a regulator signal of the
output voltage regulator being fed together with a saw-
tooth or triangular signal to the first pulse-width modu-
lator, a first pulse-width-modulated switching signal
being present at an output of the first pulse-width modu-
lator for driving the buck converter switching element;

a second pulse-width modulator, a further sawtooth or
triangular signal offset essentially by one amplitude of
the sawtooth or triangular signal being fed to the second
pulse-width modulator, and a second pulse-width-
modulated switching signal being present at an output of
the second pulse-width modulator for driving a boost
converter switching element;

a comparator, a choke current or a current through the buck
converter switching element and a reference current
being fed to a comparator;

a phase evaluation module, a comparison signal at an out-
put of the comparator and the first pulse-width-modu-
lated switching signal being fed to the phase evaluation
module;

wherein a phase difference signal is present at an output of
the phase evaluation module; and

wherein the regulator signal amplified with the phase dif-
ference signal is fed to the second pulse-width modula-
tor.

9. The buck/boost converter as claimed in claim 8, wherein
the phase evaluation module comprises a functional module
of a microcontroller.

10. The buck/boost converter as claimed in claim 8, further
comprising:

an adding element, the phase difference signal and the
regulator signal being fed to the adding element;

wherein the amplified regulator signal present at an output
of the adding element is fed to the second pulse-width
modulator.

11. The buck/boost converter as claimed in claim 8, further

comprising:

an adding element, the phase difference signal and the
regulator signal being fed to the adding element;

wherein the amplified regulator signal present at an output
of the adding element is fed to the second pulse-width
modulator.

12. The buck/boost converter as claimed in claim 9, further

comprising:

a third pulse-width modulator;

a transition controller; and

a logical OR circuit, the sawtooth or triangular signal and
an output signal of the transition controller being fed and
which together with the second pulse-width modulator
is connected via the logical OR circuit to the boost
converter switching element.

#* #* #* #* #*



